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(57)Abstract: 

PROBLEM TO BE SOLVED: To satisfactorily secure distances in front of and 
behind a diaphragmand to attain a high performancein a zoom lens equipped 
with a color separation prism and having a long back focus. 
SOLUTION: In the rear-focus zoom lens having four 

groupsi.e.positivenegativepositive and positive groupsa 3rd group is constituted 
of three negativepositive and positive lensesand the shape of the lens closest to 
the image side of the 3rd group is limited by a conditional expression (the 
curvature on the R1 surface is sharp). Preferablya distance between the 2nd 
group and the 3rd groupand the Abbe number of optical glass constituting the 3rd 
group are limited by the conditional expression. 



V 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st lens group that has positive refracting power in order from the 
object sidethe 2nd lens group that has negative refracting powerit has the 3rd 
lens group that has positive refracting powerand the 4th lens group that has 
positive refracting powerit is a rear focus type zoom lens which moves said 2nd 
lens group and said 4th lens groupperforms zoomingmoves said 4th lens 
groupand performs a focusWhen said 3rd lens group has the 33rd lens that is the 
32nd lens and a biconvex lens which are the 31st lens and a biconvex lens which 
are biconcave lenses and a curvature radius of r3a and an image side surface is 
set to r3b for curvature of an object side of the 33rd Iens-0.6<(r3 a+r 3b)/(r3 a-r 
3b) <0 - a zoom lens of a rear focus type satisfying a conditional expression. 
[Claim 2]The 1st lens group that has positive refracting power in order from the 
object sidethe 2nd lens group that has negative refracting powerit has the 3rd 
lens group that has positive refracting powerand the 4th lens group that has 
positive refracting powerit is a rear focus type zoom lens which moves said 2nd 
lens group and said 4th lens groupperforms zoomingmoves said 4th lens 
groupand performs a focusA rear focus type zoom lens satisfying a conditional 
expression which becomes 1 .0<D23-/fw<1 .5 when a focal distance of the zoom 
whole system [ in / for an optic-axis top interval in a tele edge of said 2nd lens 
group and the 3rd lens group / D23 and a wide angle end ] is set to fw. 
[Claim 3]Claim 1 satisfying a conditional expression which becomes 
nu32<nu31<nu33 when an Abbe number of each lens of said 3rd lens group Is 
set to nu 31 nu 32and nu 33 thru/or the rear focus type zoom lens according to 
claim 2. 

[Claim 4] A rear focus type zoom lens given in three from Claim 1 wherein said 3rd 
lens group comprises the 31st lensa cemented lens of the 32nd lensand the 33rd 
lens that has an aspheric surface. 

[Claim 5]An imaging device characterized by a zoom lens of a rear focus type of 



four given in any 1 paragraphand liaving a color separation optical system and 
an electric image sensor in the image surface side from Claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]securing the long back focus that a color separation prism 
enters between a lens and CCDabout the zoom lens of a rear focus typein a high 
variable power ratiomoreoverits front ball diameter is small and especially this 
invention is ** about the zoom lens of a large caliber rear focus type. 
[0002] 

[Description of the Prior Art]These daysin connection with small weight 
savingssuch as a home video cameraremarkable progress is looked at by the 
miniaturization of the zoom lens for an image pick-upand power is especially 
directed towards shortening of an overall lengththe miniaturization of a front ball 
diameterand simplification of composition. 

[0003]The zoom lens of what is called a rear focus type which moves lens groups 
other than the 1st lens group by the side of an objectand performs a focus as one 
means to attain these purposes is known. 

[0004]Generallycompared with the zoom lens which the zoom lens of a rear 
focus type moves the 1st lens groupand performs a focusthe effective diameter 
of the 1st lens group becomes smalland the miniaturization of the whole lens 
system becomes easy. Since close photographingespecially pole close 
photographing become possible and the further comparatively small lightweight 
lens group is movedthe driving force of a lens group is smalland endsand quick 
focusing is made. 

[0005]As a zoom lens of such a rear focus typefor exampleJPS62-206516AThe 
1st lens group more positive than the object side to order with JPS62-215225A 



and JPS62-24213AHave the 2nd negative lens groupthe 3rd positive lens 
groupand the 4th positive lens groupmove the 2nd lens groupperform variable 
powerand the image surface fluctuation accompanying variable power is 
amended by the 4th lens groupand the zoom lens which performs focusing is 
indicated. 

[0006]ln JPH4-43311AJPH4-153615AJPH5-19165AJPH5-27167Aand JPH5- 
60973Athe example which comprised one convex lens or two convex lenses In 
the 4th lens group is indicated. In JPH5-60974Athe zoom lens which comprised 
two sheets of unevenness of the 4th lens group is indicated. 
[0007]JPS55-62419AJPS62-24213AJPS62-215225AJPS56-114920Aln 
gazettessuch as JPH3-200113AJPH4-242707AJPH4-343313Aand JPH5- 
297275Athe 3rd group and the 4th group are indicating that each becomes with 
the two-sheet composition of a positive lens and a negative lens in the working 
example. 

[OOOSJHigh definition-ization of a video camera is progressing with highly- 
efficient-izing (digitization) of a vldeocassette recorder. Decomposition of the 
picture by a color separation optical system has attained high definition as the 
one method. And there are gazettessuch as JPH5-72474AJPH6-347697AJPH7- 
199069AJPH7-270684Aand JPH9-281 390Aas a lens suitable for it. 
[0009] 

[Problem(s) to be Solved by the lnvention]As stated abovein order to attain the 
miniaturization of a front ball diameter and the whole systemgenerally in the 
zoom lenswhat is called a rear focus system is suitable rather than distance 
doubling by the 1st lens group. 

[0010]Howeverin JPH4-02681 1 A and JPH4-88309Ait was difficult to arrange a 
color separation prism in the composition. 

[0011]JPH4-43311AJPH4-153615AJPH5-19165AJPH5-27167AAnd when a 
zoom ratio is about 8 times from 6 times and became a high double zoom lens 
beyond this with these zoom lenses currently indicated by JPH5-60973Ait was 
difficult for change by the variable power of a chromatic aberration to become 



large too muchto be unable to amendand to demonstrate sufficient optical 
performance, high twice with a zoom ratio too as sufficient also in the example 
currently indicated by JPH5-60974A as an 8 time class — izing was not attained. 
[0012]lt was unsuitable in order for lens barrel structure to become complicated 
in the example currently indicated by JPS55-62419AJPS56-114920Aand JPH3- 
2001 13A in order that the 1st group or the 3rd group may also move in 
connection with variable powerand to attain a miniaturization, JPH4-242707A 
and JPH4-343313Aln the example currently indicated by JPH5-297275Asince 
the 3rd group has composition with big air spacingand the refracting power of the 
negative lens in the 3rd group is still weakerin order to apply to a high variable 
power zoom lensthe type which can fully amend the chromatic aberration 
generated by the 3rd group does not become. FurthermoreSince it is effective in 
the formation of a tele photograph since the concave meniscus lens in the 3rd 
group has the composition of having turned the concave surface strong against 
the image surface sidein the example proposed by JPH5-297275Abut it is 
composition unsuitable for a concave lens receiving the high order flare 
components generated with the convex lensa large caliberit is a 
disadvantageous type for a high variable power zoom lens. 
[0013]moreover - the example currently indicated by JPH5-72474AJPH6- 
347697Aand JPH7-199069A - the working example - each - high twice with a 
too as sufficient zoom ratio as about 10 times —izing was not attained. 
[00 14] When the resolving frequency called for with the densification of CCD 
becomes highit becomes impossible on the other handto disregard the image 
deterioration by the diffraction in the state where especially a diaphragm 
diameter becomes smaller the diaphragm opening state which was widely 
different from the round shape. 

[0015]Although how to inhibit the influence by diffraction to the minimum can be 
considered by the optical-path interpolation ON of adoption of a tris diaphragmor 
an ND filter as a method of solving thisthere is a fault an optical system becomes 
easy to enlarge according to complication of the diaphragm mechanism at this 



timeand increase of the axis top interval whicli ND insertion takes. 
[0016]For examplein the example proposed by JPH7-270684A or JPH9- 
281390Ait is hard to say that the interval before and after a diaphragm is fully 
secured. 

[0017]After the purpose of this invention has improved the fault of the above- 
mentioned conventional exampleand fully securing the back focus space 
containing optical elementssuch as prism for color separationor the optical 
element aiming at protection of a zoom lens part and also fully securing the 
interval before and after a diaphragmit aims at providing and setting the zoom 
lens of the rear focus type which planned about 12-time variable power with a 
large caliberand providing the video camera using this zoom lensmaintaining 
good optical performance covering all the zoom areas and whole object distance. 
[0018] 

[Means for Solving the Problem]The 1st lens group in which a rear focus type 
zoom lens of this invention has positive refracting power in order from the object 
sidelhe 2nd lens group that has negative refracting powerthe 3rd lens group that 
has positive refracting powerit is a rear focus type zoom lens which has the 4th 
lens group that has positive refracting powermoves said 2nd lens group and said 
4th lens groupperforms zoomingmoves said 4th lens groupand performs a 
focusWhen said 3rd lens group has the 33rd lens that is the 32nd lens and a 
biconvex lens which are the 31st lens and a biconvex lens which are biconcave 
lenses and a curvature radius of r3a and an image side surface is set to r3b for 
curvature of an object side of the 33rd Iens-0.6<(r3 a+r 3b)/(r3 a-r 3b) <0 - It is 
characterized by satisfying a conditional expression. 

[0019JA conditional expression which becomes 1.0<D23/fw<1.5 about an optic- 
axis top interval in a tele edge of said 2nd lens group and the 3rd lens group 
when a focal distance of D23 and the zoom whole system in a wide angle end is 
set to fw is satisfied. 

[0020]When an Abbe number of each lens of the 3rd lens grqup is set to nu 31 nu 
32and nu 33a conditional expression which becomes nu32<nu31<nu33 is 



satisfied. 

[0021]Said 3rd lens group comprises tlie 31st lensa cemented lens of the 32nd 
lensand the 33rd lens that has an aspheric surface. 

[0022]Or they are a zoom lens of a rear focus typeand the imaging device having 
a color separation optical system and an electric image sensor in the image 
surface side. 
[0023] 

[Embodiment of the lnvention]Nextit explains concretely using working example 
of this invention. 

[0024]The lens sectional view of numerical working example 1-4 where the zoom 
lens of the rear focus type of this invention mentions drawing 1 - drawing 8 
laterand drawing 5 - drawing 8 show the several aberration figure of each working 
example respectively. In each aberration figureA shows the aberration figure in a 
wide angle endan aberration figure [ in / in B / middle ]and a several aberration 
figure [ in / in C / a tele edge ]. 

[0025]As for the inside L1 of a figurethe 1st lens group of positive refracting 
powerthe 2nd lens group of refracting power negative in L2the 3rd lens group of 
refracting power positive in L3and L4 are the 4th lens group of positive refracting 
power. SP is an aperture diaphragm and is stationed just before the 3rd lens 
group L3. GB(s) are glass blockssuch as a color separation prisma faceplate of 
CCDand a low pass filter. 

[0026]ln this exampleon the occasion of the variable power from a wide angle 
end to a tele edgethe 2nd lens group is moved to the image surface side like an 
arrowand the 4th lens group was moved and the image surface fluctuation 
accompanying vai^iable power is amended. The rear focus type which moves the 
4th lens group on an optic axisand performs a focus is adopted. It is made to 
move so that it may have a convex locus to the object side on the occasion of the 
variable power from a wide angle end to a tele edgeas shown especially in the 
curves 4a and 4b of drawing 1 . This aimed at effective use of the space of the 
3rd lens group and the 4th lens groupand shortening of whole length of the lens 



is attained effectively. The curve 4a of the solid line of the 4th lens group and the 
curve 4b of a dotted line which are shown in the figure show the moving track for 
amending the image surface fluctuation at the time of following on the variable 
power from a wide angle end when carrying out the focus to the infinite distance 
distance object and the short distance object respectively to a tele edge. The 1st 
lens group and the 3rd lens group are immobilization in the case of variable 
power and a focus. 

[0027]ln numerical working example 1-4the 3rd lens group comprises a 
cemented lens of the negative refracting power which consists of negative and 
positiveand a single lens of positive refracting powerand constitutes the retro 
type positive lens group as a whole. And as for the cemented lens of negative 
refracting powerthe lens side by the side of an object has turned the concave 
surface to the object side. In this wayit contributes to giving the role which keeps 
away the principal point position of the 3rd lens group from the 2nd lens 
groupand lengthening a back focus. Especially compared with the image 
sidenegative power (a curvature radius is short) strong against the object side is 
givenand the principal point position is located more back. 
[0028]pn the other handas for the single lens of said positive refracting powerthe 
lens side by the side of an object has a strong refracting interface (a curvature 
radius is short) compared with the field by the side of an imagelt contributes to 
this cemented lens also bearing the role which keeps away the principal point 
position of the 3rd lens group from the 2nd lens group similarlyand lengthening 
the focal distance of the 4th lens grouptherefore lengthening a back focus. 
[0029]Although it is possible to take the purpose of this invention mutually and to 
****** with the above compositionit is desirable to satisfy the still more desirable 
following conditions. 

[0030]When [ of the 33rd lens that has positive refracting power ] the curvature 
radius of r3a and an image side surface is most set to r3b for the cun/ature by 
the side of an objectit is -0.6<(r3 a+r 3b)/(r3 a-r 3b) <0... (1) 
It is required to fulfill the becoming conditions. 



[0031]A conditional expression (1) is a formula of the 3rd lens group concerning 
the shape of the lens by the side of an image most. If the curvature by the side of 
an image becomes loose exceeding the minimum of a conditional expression (1) 
when the 33rd lens is a biconvex lensshortening of whole length of the lens will 
become difficult. 

[0032]Converselyif the curvature by the side of an image becomes tight 

exceeding a maximumreservation of sufficient back focus will become difficultand 

amendment of a high order coma aberration becomes difficult. 

[0033]When the focal distance of D23 and the 3rd lens group is set to fw for the 

optic-axis top interval in the tele edge of said 2nd lens group and the 3rd lens 

groupit is 1 .0<D23Vfw<1 .5... (2) 

It is preferred to fulfill the becoming conditions. 

[0034]Preferablywhen the Abbe number of each lens of said 3rd lens group is set 
to nu 31 nu 32and nu 33it is nu32<nu31<nu33...(3) 
It is fulfilling the becoming conditions. 

[0035]A conditional expression (2) is a conditional expression which restricts the 
interval before and after a diaphragmand since it cannot secure sufficient interval 
if a minimum is exceededit can adopt only the diaphragm mechanism of a simple 
structure. Since the interval before and after a diaphragm will become large too 
much if a maximum is exceededit has an adverse effect on the miniaturization of 
whole length of the lens.. 

[0036]A conditional expression (3) is a conditional expression about the 
chromatic aberration correction of three groups. With constituting the 32nd lens 
that has positive refracting power especially by the ** material of the smallest 
Abbe numberafter amending the high order aberration produced within the 3rd 
groupthe balance of the chromatic aberration of magnification in the zoom whole 
region is kept good. 

[0037]Nowin order to fully amend the chromatic aberration of a tele edge the 2nd 
groupAlthough what is necessary is just to comprise at least two negative lenses 
and at least one positive lensin order to expand the principal point interval of the 



2nd lens group and the 3rd lens group as mentioned aboveby this exampleit 
contributes to the thing of this 2nd lens group for which a negative lens is 
arranged and a back focus is lengthened most further at the image surface side. 
[0038]ln order to amend good aberration compensationespecially a chromatic 
aberration goodit is having at least one cemented lens in the 3rd group. As stated 
also in advancewith high-definition-izing of a video camerathe chromatic 
aberration which seldom became a problem conventionallyespecially the 
chromatic aberration of magnification became a problemand have amended this 
good. 

[0039]ln this examplein order to make the image of the 1st lens group smallthe 
aperture diaphragm has been arranged just before the 3rd lens groupbut it does 
not interfere between the 3rd lens group and the 4th lens group or between the 
lenses of the 3rd lens groupwithout restricting to this position. 
[0040]the state of the beam of light which lengthens an exit pupil for the 3rd lens 
group as negative and positive at orderand ejects a zoom lens in this example or 
an abbreviated callas it becomes centricBy making loose the angle of the beam 
of light which enters into the color separation prism arranged in the backthe 
reflection property change by the wavelength of a color separation system is 
canceledand color reproduction nature of the deed picture is dramatically 
improved color separation faithful. 

[0041]Like this lenswith the lens of high magnificationthe focal distance of a tele 
terminal becomes very longand the performance of a tele terminal and its 
neighborhood is greatly influenced by this 2nd group. And if an aspheric surface 
is introduced into this 2nd lens groupit will become possible to improve optical 
performance. 

[0042]Since it aims fundamental at amendment of a spherical aberrationit is 
desirable for positive refracting power to serve as shape which becomes weak as 
an aspheric surface goes to the periphery of a lens. 
[0043]Belownumerical working example of this invention is indicated. 
[0044]in numerical working example - Ri the object side order - it is a 



curvature radius of the i-th lens sideandas for Dithe i-th lens thickness and air 
spacingnickeland nui are the refractive index and Abbe number of glass of the i- 
th lens in order from the object side in the object siderespectively. The relation 
between the above-mentioned monograph affair type and many numerical values 
in numerical working example is shown in Table 1 . 

[0045]When aspherical surface shape makes positive the direction of movement 
of H axis and light to the X-axisan optic axisand a perpendicular direction at an 
optical axis direction and a **** curvature radiusABCDand E are respectively 
made into an aspheric surface coefficient for R [External Character 1] 

"i 



[0046]lt expresses with the becoming formula. 

[0047]For examplethe display of "e-OX" means "10-X." [0048] 

(Numerical working example 1) 

f= 1.00 - 11.59 fno = 1:1.6-2.4. 2omega = 55.1 - 5.2r1 =12.303. d1 = 0.30 n1 
=1.84660. nui =23.9r2 = 6.849 d2. = 1.07 n2 =1.48749 nu2. = 70.2r3 =-38.212 
d3. = 0.05r4 = 5.893 d4. = 0.67 n4 =1.69680 nu4. = 55.5r5 = 17.344 d5. = 
Variable r6 = 14.258 d6 =. 0.16 n6 =1.83481 nu6. = 42.7r7 =1.560 d7 =. 0. 68r8 
=-4.312 d8 =. 0.14 n8 =1.83400 nu8. = 37.2r9 = 51.218 d9. = 0.10r10= 3.730 
d10=. 0.65 n1 0=1. 84666 nui 0=23.8r11 =-3.539 d11= 0.14 n1 1=1.80610 
nu11=40.9r12= 15.784 d12= variable r13= 0.000 (diaphragm). d13= 1.04r14=- 
4.208 d14= 0.16 n14=1.77250 nu14=49.6r1. 5= 14.893 d15= 0.37. n15=1. 69895 
nui 5=30.1 r16=. -8.335 d16= 0.23* r17=. 6.684 d17= 0.60 n17=1 .58313. 
nu17=59.4r18=-7.007. d18= variable * r19= 4.489. d19= 0.63 n19=1 .58313. 
nu19=59.4r20=-1 0.658. d20= 0.03r21= 9.512d21=. 0.16 n21=1.84666 
nu21=23.9r22= 2.822 d22= 0.80 n22=1. 48749 nu22=70.2r23=-6.458 d23= 
0.70r24= 0.000 d24=. 4.50 . n24=1.51633. nu25=64.1r25= O.OOOf 1.00 3.41 
11.59d5 0.18 3.86 5.96d12 6.20 2.53 0.43d21 2.02 1.45 2.02d25 0.70 1.26 0.69 
aspheric surface coefficient R17 k = 1. 03799e+1 B=-7.71275e-3 C=-4.78061e-4 
D=-2.60670e-4R19. k=-2.05760e-1 B=-3.94789e-3 C=-3.64999e-5 D=1.57026e- 



4 E=-3.52610e-5[0049] 

(Numerical working example 2) f = 1 .00-1 1 .59. fno = 1 :1 .6-2.4 2omega= 56.3- 
5.2r1 =12.711 d1 = 0.31 n1 =1.84660 nul =23.9r2 = 7.009 cl2 = 1.10 n2 
=1.48749. nu2 =70.2r3 =-38.827. d3 = 0.05r4 = 6.163. d4 = 0.69 n4 =1.69680. 
nu4 =55.5r5 = 18.334. d5 = variable r6 = 9.875 d6. = 0.17 n6 =1.80400 nu6. = 
46.6r7 = 1.478 d7 =. 0. 69r8 =-3.684 d8 =. 0.14 n8 =1.83481 nu8. = 42.7r9 = 
14.194 d9. = 0.10r10= 3.792 d10=. 0.67 n10=1 .84666 nul 0=23.9r11 =-5.911 
d11= 0.14 n1 1=1. 80400 nu11=46.6r12= 32.764 d12= variable r13= 0.000 
(diaphragm). d13= 0.50r14=-4.592 d14= 0.17 n14=1. 77250 nul. 4=49.6r15= 
14.426 d15=. 0.38 n15=1. 69895 nu15=30.1r16=-10.063 d16= 0.24* r17= 6.569 
d17= 0.62 n17=1.67790 nul 7=54.9r18=-1 1.076. d18= variable * r19= 4.628. 
d19= 0.64 n19=1.58313. nu19=59.4r20=-1 0.658. d20= 0.04r21= 8.814. d21= 
0.17 n21 =1.84666. nu21=23.9r22= 2.805 d22=. 0.82 . n22=1. 48749 
nu22=70.2r23=. -6.369 d23= 0.70r24=. 0.000 d24= 4.50 n24=1.51633. 
nu25=64.1r25= O.OOOf 1.00 3.41 11.59d5 0.19 4.09 6.36d12 6.69 2.79 0.52d21 
2.05 1.37 2.04d25 0.70 1.38 0.71 aspheric surface coefficient R17 k = 9. 36804 
B=-7.15542e-3 C=-1.18499e-4 D=-2.9648. 1e-4R19 k=-1 .36499 B=-2.27205e-3 
C=-4.01587e-4 D=2.54039e-4 E=-3.77117e-5[0050] 

(Numerical working example 3) f = 1.00-12.76. fno = 1:1.6-2.4 2omega= 55.1- 
4.7r1 = 1 1 .996 d1 = 0.30 n1 =1 .84660 nul =23.9r2 = 6.794 d2 = 1 .07 n2 
=1.48749. nu2 =70.2r3 =-46.719. d3 = 0.05r4 = 5.997. d4 = 0.67 n4 =1.69680. 
nu4 =55.5r5 = 17.222. d5 = variable r6 = 8.724 d6. = 0.16 n6 =1.88300 nu6. = 
40.8r7 = 1.572 d7 =. 0. 68r8 =-4.258 d8 =. 0.14 n8 =1.83400 nu8. = 37.2r9 = 
7.612 d9 =. 0. 10r10= 3.377 d10=. 0.60 n10=1.84666 nul 0=23.9r11 =-3.795 d11 = 
0.05r12=-3.152 d12= 0.14 n12=1 .77250 nu12=49.6r13=-301.153. d13 = Variable 
r14= 0.000 (diaphragm) d14= 0.70r15=-3.425 d. 15= 0.16 n15=1. 77250. 
nu15=49.6r16= 18.809. d16= 0.37 n16=1.69895. nu16=30.1r17=-4.354. d17= 
0.37* r18= 6.320. d18= 0.26 n18=1. 67790. nu18=54.9r19=-23.202. d19= variable 
* r20= 4.534. d20= 0.63 n20=1.58313. nu20=59.4r21 =-7.390. d21= 0.07r22= 
20.459. d22= 0.16 n22= 1. 84666. nu22=23.9r23= 3.012 d23=. 0.80 . 



n23=1. 48749 nu23=70.2r24=. -6.212 d24= 0.70r25=. 0.000d25= 4.50 
n25=1. 51633. nu25=64.1r26= O.OOOf 1.00 3.41 11.59d5 0.19 4.00 6.23d12 6.53 
2.71 0.49d21 1.60 0.88 1.42d25 0.70 1.43 0.88 aspheric surface coefficient R18 
k = 8. 22976 B=-6.17987e-3 C=. -3.32774e-4 D=-2.45969e-4R20 k=-5.65432e-1 
B=-4.34271e-3 C=-5.04194e-4 D=3.81215e-4 E=-6.84216e-5[0051] 
(Numerical working example 4) f = 1.00-12.76. fno = 1:1.6-2.4 2omega= 55.1- 
4.7r1 = 11.756 d1 = 0.30 n1 =1.84660 nul =23.9r2 = 6.657 d2 =1.07 n2 
=1.48749. nu2 =70.2r3 =-42.996. d3 = 0.05r4 = 5.897. d4 = 0.67 n4 =1.69680. 
nu4 =55.5r5 = 17.716. d5 = variable r6 = 13.312 d6. = 0.16 n6 =1.88300 nu6. = 
40.8r7 = 1 .549 d7 =. 0. 68r8 =-4.334 d8 =. 0.14 n8 =1.83400 nu8. = 37.2r9 = 
12.849 d9. = 0.10r10= 3.397 d10=. 0.65 n10=1 .84666 nul 0=23.9r11 =-3.334 
d11= 0.14 nil =1.80400 nu11=40.9r12= 18.784 d12= variable r13= 0.000 
(diaphragm). d13= 0.77r14=-4.601 d14= 0.16 n14=1.80610 nu. 14=40.9r15= 
18.025 d15=. 0.37 n15=1.76182 nu15=26.5r16=-8.194 d16= 0.16* r17= 6.352 
d17= 0.61 n17=1.58313 nu17=59.4r18=-8.560. d18= variable * r19= 4.577. 
d19=0.63 n19=1.58313. nu19=59.4r20=-1 1.224. d20= 0;03r21= 10.837. d21 = 
0.16 n21=1.84666. nu21=23.9r22= 2.841 d22=. 0.81 . n22=1.51633 
nu22=64.1r23=. -6.494 d23= 0.70r24=. 0.000 d24= 4.50 n24=1 .51633. 
nu25=64.1r25= O.OOOf 1.00 3.41 11.59d5 0.19 3.91 6.02d12 6.32 2.60 0.49d21 
2.16 1.50 2.17d25 0.70 1.36 0.69 aspheric surface coefficient R17 k = 8. 92673 
B=-7.55209e-3 C=-4.03564e-4 D=-2.51174. e-4R19 k= 2.46972e-1 B=- 
4.34442e-3 C=-1 .73802e-4 D=1.71858e-4 E=-3.67776e-5[0052] 

Table 1] 

1 



[0053] 

[Effect of the lnvention]Though about FNo.1.6 and a large caliber are secured by 
15 or more variable power ratios and high variable power by constituting as 
explained aboveSecuring the back focus space containing optical elementssuch 
as prism for color separationand the space containing a complicated diaphragm 



mechanism. Offer of the zoom lens of the rear focus type which has good 
performance covering all the zoom areas and whole object distance is 
attainedand a small lightweight highly efficient imaging device can be realized 
using this zoom lens. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a lens sectional view of the wide angle end of numerical working 
example 1 of this invention. 

[Drawing 2] lt is a lens sectional view of the wide angle end of numerical working 
example 2 of this invention. 

[Drawing 3] lt is a lens sectional view of the wide angle end of numerical working 
example 3 of this invention. 

[Drawing 4] lt is a lens sectional view of the wide angle end of numerical working 
example 4 of this invention. 

[Drawing 5] lt is a several aberration figure of numerical working example 1 of this 
invention. 

[Drawing 6] lt is a several aberration figure of numerical working example 2 of this 
invention. 

[Drawing 7] lt is a several aberration figure of numerical working example 3 of this 
invention. 

[Drawing 8] It is a several aberration figure of numerical working example 4 of this 
invention. 

[Description of Notations] 
L1 The 1st lens group 
L2 The 2nd lens group 
L3 The 3rd lens group 
L4 The 4th lens group 



d d line 
g g line 

deltalVl meridional image surface 
deltas sagittal image surface 

As for a wide angle end and (B)in an aberration figurezoom middle and (C) of (A) 
are tele edges. 
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d20= 0. 04 






r21= 


8. 814 


d21= 0. 17 


n21=1. 84666 


V 21=23. 9 


r22= 


2.805 


d22= 0. 82 


n22=1. 48749 


V 22=70. 2 


r23= 


-6. 369 


d23= 0. 70 






r24= 


0. 000 


d24= 4. 50 


n24=1. 51633 


V/ 25=64.1 


r25= 


0. 000 








f 


1.00 


3.41 11 


1.59 




d5 


0. 19 


4.09 6.36 




d12 


6.69 


2.79 


0. 52 




d21 


2.05 


1.37 


2. 04 




d25 


0. 70 


1.38 


0. 71 





[0050] 



R17 k = 9. 36804 B=-7. 15542e-3 C=-1. 18499e-4 D=-2. 96481e-4 
R19 k =-1. 36499 B=-2. 27205e-3 C=-4. 01587e-4 D=2. 54039e-4 
E=-3.77117e-5 

f= 1.00--12.76 fno= 1:1.6-^2.4 2a;= 55.1^4.7 

r1 = 11.996 d1 = 0.30 n1 =1.84660 v1 =23.9 

r2 = 6.794 d2 = 1.07 n2 =1.48749 v2 =70.2 
r3 = -46.719 d3 = 0.05 

r4 = 5. 997 d4 = 0. 67 n4 =1. 69680 v4 =55. 5 
rS = 17.222 . d5 = rIS 

r6 = 8. 724 d6 = 0. 16 n6 =1. 88300 v6 =40. 8 
r7 = 1.572 d7 = 0.68 

r8 = -4. 258 d8 = 0. 14 n8 =1. 83400 v 8 =37. 2 
r9 = 7.612 d9 = 0.10 

r10= 3. 377 d10= 0. 60 n10=1. 84666 v 10=23. 9 
r11= -3.795 d11= 0.05 

rl2= -3. 152 d12= 0. 14 n12=l. 77250 v 12=49. 6 



(7) 
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[005 1] 



r13=-301.153 d13= rTS 
r14= O.OOO(JSt)) d14= 0.70 

r15= -3. 425 d15= 0. 16 nl5=1. 77250 v 15=49. 6 
r16= 18. 809 d16= 0. 37 n16=1. 69895 v 16=30. 1 
r17= -4.354 d17= 0.37 

* n8= 6.320 d18= 0.26 n18=1. 67790 v 18=54. 9 
r19= -23. 202 d19= rJ^ 

* r20= 4. 534 d20= 0. 63 n20=1. 58313 v 20=59. 4 
r21= -7.390 d21= 0.07 

r22= 20. 45? d22= 0. 16 n22=1. 84666 v 22=23. 9 
r23= 3. 012 d23= 0. 80 n23=1. 48749 v 23=70, 2 
r24= -6. 212 d24= 0. 70 

r25= 0. 000 d25= 4. 50 n25=l. 51633 v 25=64. 1 
r26= 0.000 

f 1.00 3.41 11.59 
d5 0.19 4.00 6.23 
d12 6.53 2.71 0.49 
d21 1.60 0.88 1.42 
d25 0.70 1.43 0.88 

R18 k = 8. 22976 B=-6. 17987e-3 C=-3. 32774e-4 D=-2, 45969e-4 
R20 k=-5.65432e-l B=-4. 34271 e-3 C=-5. 04194e-4 D=3.81215e- 
4 E=-6.84216e-5 



f= 1.00--12.76 


fno= 1:1.6' 


-^2.4 2(i)= 


55. W4. 7 


rl = 11.756 


dl = 0. 30 


n1 =1.84660 


v1 =23.9 


r2 = 6. 657 


d2 = 1.07 


n2 =1.48749 


v2 =70.2 


r3 = -42. 996 


d3 = 0. 05 






r4 = 5. 897 


d4 = 0.67 


n4 =1.69680 


v4 =55.5 


r5 = 17.716 


d5 = Pl^ 






r6 = 13.312 


d6 = 0. 16 


n6 =1.88300 


v6 =40.8 


rl = 1. 549 


d7 = 0.68 






r8 = -4, 334 


d8 = 0. 14 


n8 =1.83400 


v8 =37.2 


r9 = 12.849 


d9 = 0. 10 






r10= 3. 397 


d10= 0. 65 


nlO=l. 84666 


V 10=23. 9 


.r11= -3.334 


d11= 0. 14 


nl 1=1. 80400 


1/11=40.9 


r12= 18.784 


dl2= Pis 






r13= O.OOOCJSlU) 


dl3= 0.77 




rl4= -4.601 


dl4= 0. 16 


nl4=l. 80610 


1/14=40.9 


rl5= 18.025 


dl5= 0.37 


nl5=l. 76182 


1/15=26.5 


rl6= -8. 194 


dl6= 0. 16 






* rl7= 6. 352 


dl7= 0.61 


n17=1. 58313 


V 17=59. 4 


rl8= -8.560 


dl8= pjm 






* r19= 4. 577 


d19= 0.63 


n19=1. 58313 


V 19=59. 4 


r20= -11.224 


d20= 0. 03 






r21= 10.837 


d21= 0. 16 


n21=1. 84666 


v 21=23. 9 


r22= 2. 841 


d22= 0.81 


n22=1. 51633 


1/22=64.1 


r23= -6.494 


d23= 0. 70 
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r24= 0.000 d24= 4.50 n24=1. 51633- v 25=64.1 
r25= 0. 000 

f 1.00 3.41 11.59 

dS 0.19 3.91 6.02 



d12 


6. 32 


2. 60 


0.49 


d21 


2. 16 


1.50 


2.17 


d25 


0.70 


1.36 


0.69 



$mmmi 

R17 k= 8.92673 B=-7. 5S209e-3 C=-4. 03S64e-4 D=-2. 51 174e-4 
R19 k= 2.46972e-l B=-4. 34442e-3 C=-1.73802e-4 D=1.71858e- 
4 E=-3.67776e-5 

[03] :^^Ba(oinmmmm3<DiKnmo>\yyxmmm , 
[114] t^mfi^mmnti&mAaiimmiyyxmmm 

[07] *5IB^©afilllSg<5iJ3<DRiKSiaT'65o 

Ll miU>XS¥ 
L2 M2UVXgf 

L3 m3\yyxm 

L4 a4U>XP 

d dili 
g 9^ 

AM )ifjT^t-t-iimm 

lRSI21^^:^Jt^T (A) liEftJS, (B) itX-lk'i>r&. 
(C) ttSSSST»5. 



[00 5 2] 

[«1] 





mmm i 


mmm2 






(1) 


-0. 02 


-0. 26 


-0.57 


-0.15 


(2) 


1.47 


1.02 


1. 18 


1.26 



[00 5 3] 
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\ 



"oTiQ -O.IQ ffjARl O.ia -S.QQ - (X) S.OQ -0.02 Q.Q2 



(B) 



«( 



(a) o 2. ^ 



0.10 -oTTo MOS o io -s'.oo ifin (X) ».oo -0.02 ^'^^^ 0 02 



(12) 4$M2 0 0 3-2 4 1 08 8 
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fno/ 6 



3-7^6 



if 



• JO jlJjJJ^ ° '" 'o a. 10 -5,00 fiA (*) 5.00 -0.02 **(^|^ P 




fno/ |. <l 
V/ 



^1 '9 JMM D.io .t.tt, alXKt a.ilo - i.u 0.1, 1 



J 



24 



o.io Jg]^ O 'O a. 10 -sToo SnSTTToo -0.02 **5|2? 



(c) 



2H087 KA03 MA15 NA02 PA09 PA10 

PA16 PA20 PB13 QA02 QA07 

QA17 QA21 QA25 QA34 QA42 

QA45 RA05 RA12 RA32 RA41 

SA23 SA27 SA29 SA32 SA63 

SA65 SA72 SA74 SB04 SB15 
SB24 SB34 



